Comparison of the modes of action of a Vero toxin (a Shiga-like toxin) from Escherichia coli, of ricin, and of alpha-sarcin.
The modes of action of a Vero toxin (VT2 or Shiga-like toxin II) from Escherichia coli, of ricin, and of alpha-sarcin were compared. Elongation factor 1 (EF1) and GTP-dependent Phe-tRNA binding to ribosomes in the presence of poly(U) was inhibited by these three toxins, but EF1 and guanylyl (beta, gamma-methylene)-diphosphate-dependent Phe-tRNA binding was inhibited by alpha-sarcin only. EF1- and Phe-tRNA-dependent GTPase activity was inhibited by these toxins, but nonenzymatic binding of Phe-tRNA was not. The turnover rate of EF1 binding to ribosomes during Phe-tRNA binding was also decreased by these three toxins. The addition of EF1 recovered the inhibition of Phe-tRNA binding to ribosomes by VT2 and ricin but not by alpha-sarcin. The formation of and EF2- and GTP-dependent puromycin derivative of phenylalanine was inhibited slightly by the three toxins, indicating that translocation is not influenced significantly by them. EF2-dependent GTPase activity was stimulated by these toxins, and especially by VT2 and ricin. In contrast, the binding of EF2 to ribosomes was inhibited strongly by VT2 and ricin, and slightly by alpha-sarcin. The stimulation of EF2-dependent GTPase activity by the toxins may compensate for the decrease of EF2 binding to ribosomes which they caused during translocation. In total, these results indicate that VT2 and ricin inhibit protein synthesis through the disturbance of the turnover of EF1 binding to ribosomes during aminoacyl-tRNA binding to ribosomes, and that alpha-sarcin inhibits the synthesis through the inhibition of the binding of the complex of Phe-tRNA, EF1, and GTP to ribosomes.